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ABSTRACT
Leptospirosis is a worldwide zoonosis. The importance of urban leptospirosis is recognized in Japan:
urban rats carry pathogenic leptospires and people acquire these pathogens through contact with
surface water or soil contaminated by the urine of the infected animals. To determine the current
Leptospira carriage rate in urban rats, 29 wild rats were trapped in the central area of Fukuoka and
strains isolated from their kidneys and urine analyzed. When semi-solid Korthof’s medium
containing 0.1% agar was used for isolation, 72.2% and 30.8% of the kidney and urine cultures,
respectively, were found to be Leptospira-positive. The isolates belonged to Leptospira interrogans,
and were classiﬁed into two groups (serogroups Pomona and Icterohaemorrhagiae) based on the
results of gyrB sequence analysis and microscopic agglutination testing (MAT). Strains belonging to
serogroup Icterohemorrhagiae grew well in liquid medium. On the other hand, serogroup Pomona
isolates multiplied very little in liquid medium, but did grow in a semi-solid medium. Although
strains belonging to serogroup Pomona have not been recognized as native to Japan, this strain may
be widely distributed in urban rats. Representative strains from each group were found to be highly
pathogenic to hamsters. Our ﬁndings should serve as a warning that it is still possible to become
infected with leptospires from wild rats living in inner cities of Japan. Furthermore, the use of semi-
solid medium for culture will improve the isolation rate of leptospires from the kidneys of wild rats.
Key words Leptospira interrogans, semi-solid Korthof’s mediom, serogroup Pomona, wild rat.
Leptospirosis is a worldwide zoonosis that is now
recognized as an emerging infectious disease (1, 2).
Manifestations of leptospirosis in humans vary from
mild, ﬂu-like symptoms to a severe form, Weil’s disease,
which is characterized by jaundice, hemorrhage, renal
failure and even death (1, 3–6). Rodents, especially rats,
are the most important reservoirs of these organisms.
They maintain Leptospira in their kidneys and shed the
organisms in their urine, thus contaminating the
environment (7, 8). Leptospirosis is transmitted to
humans by direct contact with reservoir animals or by
exposure to environmental surface water or soil that has
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been contaminated with their urine (2). Leptospires ﬁrst
penetrate abraded skin or mucous membranes, then
enter the bloodstream and disseminate to other
organs (9). Our previous study demonstrated that
several dominant groups of Leptospira strains circulate
among rats and that these strains have persistently
caused leptospirosis in humans over some years in
Luzon, Phillipines (10).
In 1914, Inada and Ido discovered spirochetes and
speciﬁc antibodies in the blood of Japanese patients with
Weil disease in Fukuoka, Japan (9). Up until 1960, more
than 200 deaths from leptospirosis were reported
annually in Japan (11), most of which were of farmers
who had been working in rice ﬁelds. After 1960,
agricultural practices became more mechanized and
farmers started to protect their skin by wearing rubber
boots while working in the ﬁelds. In addition, an
inactivated vaccine against pathogenic Leptospira was
developed. For these reasons, the number of patients
with leptospirosis in Japan decreased dramatically (11).
The importance of urban leptospirosis has already
been recognized in inner city populations of the USA,
where rats carrying pathogenic leptospires live in urban
areas, and people acquire leptospirosis by direct contact
with these rats or their urine (12). Masuzawa captured
1968 rats in the inner cities of Tokyo, Osaka, Nagoya and
other urban centers in Japan and obtained 50 isolates of
Leptospira from their kidneys (isolation rate: 2.5%) (13).
Koizumi et al. reported 13 leptospirosis patients who
lived in urban areas of Tokyo, Japan, all of whom had
contact with rats before the onsets of their illnesses (14).
In this study we aimed to determine the current
carrier status of urban rats by trapping wild rats in a
market in the central area of Fukuoka City and analyzing
the Leptospira strains isolated from their kidneys and/or
urine. During our ﬁrst survey in 2013, the isolation rate
of Leptospira fromwild rats was less than 10%.We found
that the Leptospira isolates multiplied very little in liquid
Korthof’s medium but grewmore proliﬁcally in lumps of
agar in semi-solid Korthof’s medium containing 0.1%
agar. Therefore, during the second survey in 2014, we
used both liquid and semi-solid Korthof’s medium to
isolate leptospires from wild rats. We performed genetic
and serological analyses on the rat isolates and also tested
their pathogenicity using a hamster model.
MATERIALS AND METHODS
Trapping of wild rats in a market
Wild rats were trapped in a market in Fukuoka City,
Japan on 10 to 18 July 2013 and 7 to 16 July 2014. Wire-
mesh traps with bait were left overnight at the trapping
sites (15). The captured rats were anesthetized with
sevoﬂurane (Maruishi Pharmaceutical, Osaka, Japan)
and blood samples collected for MAT by cardiopunc-
ture. The kidneys and urine in bladders were aseptically
collected for Leptospira isolation after killing them by
cervical dislocation under anesthesia.
Isolation of Leptospira from the kidneys
and urine of wild rats
Wild rat kidneys weremacerated with a 5mL syringe and
cultured in 5mL of liquid Korthof’s medium supple-
mented with a combination of ﬁve antimicrobial agents,
STAFF (sulfamethoxazole, 400mg/mL; trimethoprim,
200mg/mL; amphotericin B, 50mg/mL; fosfomycin,
4mg/mL; and 5-ﬂuorouracil, 1mg/mL), at 30°C over-
night (16). The next day, 0.5mL of kidney cultures were
transferred to 4.5mL of liquid and 4.5mL of semi-solid
medium without STAFF. These subcultures were
incubated at 30°C for 28 days. In addition, two drops
of urine were cultured in liquid and semi-solid Korthof’s
media with STAFF at 30°C for 28 days. The cultures were
checked daily by dark-ﬁeld microscopy for the presence
of Leptospira, which was conﬁrmed by observing their
characteristic thin helical structures with prominent
hooked ends and motility (17).
Identiﬁcation of trapped wild rats
To identify the species of wild rats, COI gene sequences
were analyzed. For COI PCR, the DNA of the primary
kidney culture extracted, as described above, was used
as a template of rat DNA. The primers, BatL5310
(50-CCTACTCRGCCATTTTACCTATG-30)and R6036R
(50-ACTTCTGGGTGTCCAAAGAATCA-30) were used
(18). Ampliﬁcation was carried out under the following
conditions: an initial cycle of 4min at 94°C, followed by 40
cycles of 94°C for 30 sec, 47°C for 30 sec and72°C for 1min.
Final extension was performed for 10min at 72°C. PCR
ampliﬁcation was conﬁrmed by electrophoresis on 1.5%
agarose gels. The sequences were determined using a 3130
genetic analyzer (Applied Biosystems, Tokyo, Japan). The
species of rodents were then identiﬁed by performing a
BLAST search on the Community Ecology of Rodents and
their Pathogens in South-East Asia (CERoPath) Rodent
COI sequence database (19).
Microscopic agglutination test for wild rats
The MAT for serum collected from wild rats was
performed as previously described (3) using a panel of 18
live leptospires representing 18 serovars (15) and two
representative strains isolated in this study. The
endpoint titer is the ﬁnal serum–antigen dilution giving
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a >50% agglutination at a titer 1:20 (15). Serum
samples that did not show any reactivity were considered
MAT-negative (15).
DNA extraction from leptospires
Leptospirial DNA was extracted from urine or primary
kidney culturesusing a IllustraBacteriaGenomicPrepMini
SpinKit (GEHealthcare, Buckinghamshire, UK) following
the protocol designated for gram-negative bacteria.
Nested ﬂaB-PCR of leptospiral DNA
Nested ﬂaB-PCR analysis of extracted DNA from urine
or primary kidney cultures to detect the DNA of
pathogenic Leptospira was performed as previously
reported (17, 20). PCR ampliﬁcation was conﬁrmed by
electrophoresis on 1.5% agarose gels.
DNA gyrase B subunit gene (gyrB)
sequence determination and phylogenetic
analysis of leptospiral DNA
The gyrB of all Leptospira isolates from rats was
ampliﬁed using the primer set UP1TL (50-CAYGC-
NGGNGGNAARTTYGA-30) and UP2rTL (50-TCN-
ACRTCNGCR TCNGTCAT-30) (15, 21) under the
following conditions: an initial cycle of 3min at 94°C,
followed by 40 cycles of 30 sec at 94°C, 60 sec at 46°C, and
90 sec at 72°C. Final extension was performed for 10min
at 72°C. PCR ampliﬁcation was conﬁrmed by electro-
phoresis on 1.5% agarose gels. Sequencing of gyrB was
performed using the aforementioned primer sets (i.e.,
UP1TL and UP2rTL) and LgyrF (50-GGTCTTT-
CCGGAGAAGATG-30) and LgyrR (50-GAATTTGA-
ATTTGAGGTTGAGG-30) (22). The sequences were
determined using a 3130 genetic analyzer (Applied
Biosystems).The alignmentof sequences, neighbor-joining
phylogenetic tree construction, andbootstrap analysiswere
performed using a version 7.1 software package of
Lasergene (DNASTAR Madison, WI, USA) (15).
Identiﬁcation of serogroups of rat isolates
Serogroups of rat isolates were identiﬁed byMATusing a
panel of anti-Leptospira rabbit sera for 23 serovars (15).
Pathogenicity test of isolates in golden
Syrian hamsters
Pathogenicity of the isolates was tested in four-week old
male golden Syrian hamsters (Japan SLC, Shizuoka,
Japan). The hamsters were inoculated intraperitoneally
with 1 107, 105, 103 or 101 of Leptospira isolates
(FR12K or FR23K-L) in 1mL of PBS, and observed for
28 days. Moribund and surviving hamsters were killed
using sevoﬂurane (Maruishi Pharmaceutical) and blood,
urine, liver, kidney, spleen and lung samples from them
cultured.
The animal experiments were reviewed and approved
by the Ethics Committee on Animal Experiments at the
Faculty of Medical Sciences, Kyushu University. The
experiments were carried out under the conditions
indicated in the Regulations for Animal Experiments of
Kyushu University and Law 105 andNotiﬁcation 6 of the
Government of Japan (23).
RESULTS
Identiﬁcation of trapped wild rats
A total of 11 (Rats no. 1–11) and 18 (Rats no. 12–29) wild
rats were caught in a market in Fukuoka City, Japan in
2013 and 2014, respectively. Sequence analysis for the coi
gene of the rats was performed and all were found to be
Rattus norvegicus.
Isolation of Leptospira from rat kidneys
and urine in 2013
The kidneys of all 11 rats and urine from ﬁve of the rats
isolated in 2013 were cultured using liquid Korthof’s
mediumwith STAFF. The next day, the supernatants of the
kidney cultures were transferred to fresh liquid medium
without STAFF. During the incubation period, thin helical
organisms with prominent hooked ends andmotility were
observed by dark ﬁeld microscopy in two of eleven kidney
cultures (Rats no. 2 and 9). However, these organismswere
unable to multiply in liquid Korthof’s medium and
disappeared within two days (Table 1). When one of the
two isolates, strain FR9K, was subcultured in semi-solid
Korthof’s medium containing 0.1% agar just prior to
disappearance, it was found to be able to grow only in
lumps of agar. This strain was thought to be pathogenic
Leptospira because it was ﬂaB-PCR-positive.
These results suggested that the frequency of
Leptospira isolation from wild rats would increase using
semi-solid Korthof’s medium.
Isolation of Leptospira from rat kidneys
and urine in 2014
The kidneys of all 18 rats collected in 2014 were cultured
in liquid Korthof’s medium with STAFF. The results of
leptospiral isolation are shown in Table 1.
When a liquid medium was used, Leptospira were
isolated from the kidney (strain FR23K-L) and urine
(strain FR23U-L) of only one rat (Rat no. 23) (Fig. 1e).
The isolation frequencies from the kidney and urine
were 5.6% (1/18) and 7.7% (1/13), respectively. In ﬁve
kidney cultures and two urine cultures, helical organisms
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were observed a few days after the start of culturing in
liquid medium, but subsequently disappeared (Fig. 1c).
In contrast, 13 kidneys (72.2%) and four urine samples
(30.8%) were found to be culture-positive when a semi-
solid medium was used (Fig. 1d,f). All the rats with
positive urine cultures also had positive kidney cultures.
The leptospires isolated from all the rats, with the
exception of Rat no. 23, were only able to grow in agar
lumps. On the other hand, the Leptospira strains isolated
from the kidney (strain FR23K-S) and urine (strain
FR23U-S) of Rat no. 23 grew both in and out of agar.
To compare the sensitivity of cultures using semi-solid
Korthof’s medium and PCR analysis for detecting
leptospires in rat kidney and urine, leptospiral DNA was
extracted from primary kidney culture and urine and its
ﬂaB gene ampliﬁed by nested PCR analysis. The results are
shown in Table 1. The rates of positive PCR for extracted
DNA from primary kidney culture and urine were 38.5%
(5/18) and 53.8% (7/13), respectively. It was found that the
detection sensitivity of cultures using semi-solid medium
was higher than that of nested ﬂaB-PCR for the kidney, but
not for urine. Thus, it seems to be more difﬁcult to isolate
leptospires from urine than from kidneys.
gyrB sequence analysis of Leptospira
isolates
gyrB sequences were determined for 15 Leptospira
strains isolated from kidneys and ﬁve strains isolated
from urine. The results of phylogenetic analysis based on
gyrB sequences are shown in Figure 2. A total of 20 strains
were classiﬁed into two groups, Group 1 and Group 2.
Table 1. Results of cultures and ﬂaB-PCR of kidneys and urine of 29 wild rats
Kidney Urine
Culture Culture
Rat no. Date of trapping Liquid† Semi-solid‡ flaB-PCR
Strain name
of isolate§ Liquid† Semi-solid‡ flaB-PCR
Strain name
of isolate§
1 10 July 2013 - N.D.* - - N.D. N.D.
2 11 July 2013 þ/¶ N.D. - - N.D. N.D.
3 11 July 2013 - N.D. - - N.D. N.D.
4 11 July 2013 - N.D. - no urine no urine no urine
5 12 July 2013 - N.D. - no urine no urine no urine
6 16July 2013 - N.D. - - N.D. N.D.
7 17 July 2013 - N.D. þ no urine no urine no urine
8 17 July 2013 - N.D. - no urine no urine no urine
9 17 July 2013 þ/ þ þ FR9K no urine no urine no urine
10 18 July 2013 - N.D. - no urine no urine no urine
11 18 July 2013 - N.D. þ - N.D. N.D.
12 7 July 2014 þ/ þ - FR12K - - -
13 7 July 2014 - þ - FR13K - - -
14 7 July 2014 þ/ þ þ FR14K þ/ þ þ FR14U
15 7 July 2014 þ/ þ - FR15K no urine no urine no urine
16 7 July 2014 - - - no urine no urine no urine
17 9 July 2014 - þ - FR17K no urine no urine no urine
18 9 July 2014 þ/ þ - FR18K - - -
19 9 July 2014 - þ þ FR19K - - þ
20 9 July 2014 - - - - - þ
21 10 July 2014 - þ - FR21K no urine no urine no urine
22 10 July 2014 - þ - FR22K no urine no urine no urine
23 10 July 2014 þ þ þ FR23K-L, FR23K-S þ þ þ FR23U-L, FR23U-S
24 15 July 2014 þ/ þ þ FR24K - þ þ FR24U
25 15 July 2014 - þ - FR25K - - þ
26 15 July 2014 - - - - - -
27 15 July 2014 - - - - - -
28 16 July 2014 - þ þ FR28K þ/ þ þ FR28U
29 16 July 2014 - - - - - -
†Liquid, culture using liquid Korthof’smedium. ‡Semi-solid, culture using semi-solid Korthof’smedium. §K, isolated from kidney; U: isolated from urine;
L: isolated using liquid medium; S: isolated using semi-solid medium. ¶þ/, leptospires were observed a few days after starting culture, but
subsequently disappeared. *N.D., not done.
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Fig. 1. Dark-ﬁeld micrographs of the culture of Leptospira strain FR12K (c and d) and Leptospira strain FR23K-L (e and f). (a)
Uninoculated Korthof’s liquid medium. (b) Uninoculated Korthof’s semi-solid medium. On the tenth day after initiation of culture, 10mL of each
culture with liquid Korthof’s (c and e) and semi-solid (d and f) medium was mounted on glass slides and observed by dark-ﬁeld microscopy. The
areas framed by dotted lines in panels (d), (e) and (f) are enlarged in each of the upper left corners of the corresponding panel. The arrows show
leptospires. Bars, 50mm.
Fig. 2. Phylogenetic tree based on DNA gyrase B gene (gyrB) sequences of Leptospira isolates. Accession numbers for partial
sequences of gyrB are indicated in parentheses. The strains written in bold are the isolates obtained in this study. Strains AC6-03 and AC11-04
were isolated from Rattus norvegicus living in manholes in Nagoya City in 2001 (13).
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Sixteen strains represented by FR9K and FR12K, and four
strains represented by FR23K-L belonged to Groups 1
and 2, respectively. It was suggested that the strains isolated
from the kidney and urine of a single rat were identical
(FR14K/FR14U, FR23K-L/FR23U-L, FR23K-S/FR23U-S,
FR24K/FR24U and FR28K/FR28U). The strains isolated
from both liquid and semi-solid cultures were found to be
the same (FR23K-L/FR23K-S and FR23U-L/FR23U-S). All
isolates of both groups were classiﬁed as Leptospira
interrogans. gyrB sequences of Group 1 and 2 isolates
were identical to thoseof the strains (AC6-03 andAC11-04)
isolated in 2001 from wild rats (R. norvegicus) living in
manholes in Nagoya City, located 620 km east of Fukuoka
City. The strains belonging to Group 2 were also identical
to serovar Icterohaemorrhagiae strain Ictero No. 1 and
serovar Copenhageni strain M20 (both serovars belong
to serogroup Icterohaemorrhagiae).
Identiﬁcation of serogroups of leptospires
isolated from rats
To identify the serogroups of the Group 1 and 2 isolates,
MATs for strains FR12K and FR23K-L were performed.
Positive agglutination for strain FR12K was observed in
four antisera against reference Leptospira serovars, anti-
Pomona (1:12,800), anti-Bratislava (1:100), anti-Djasi-
man (1:25) andanti-Louisiana (1:25). Strain FR23K-Lwas
agglutinated positively by four antisera, anti-Icterohe-
morrhagica (1:12,800), anti-Pyrogenes (1:1600), anti-
Canicola (1:800) and anti-Manilae (1:400).
MAT for rat serum
The results ofMAT for the serumof the 18wild rats caught
in 2014 are shown inTable 2. All 13 samples collected from
the carriers of Group 1 strains reacted with serovar
Pomona and/or strain FR9K. The serum of a carrier of
Group 2 strain reacted with serovar Icterohemorrhagica,
serovar Copenhageni and strain FR23K-L. These results
suggested that all wild rats have antibodies against the same
serogroup as the Leptospira strains that they carry in their
kidneys. Twelve samples reacted with multiple serovars.
Most had antibodies against serovar Autumnalis and/or
serovars Hebdomadis. Two rats (Rats no. 17 and 23) had
high titers for multiple serovars, suggesting infection with
multiple serogroups. Two non-carriers of Leptospira (Rats
no. 16 and 20) were MAT-negative.
Pathogenicity of isolates in golden Syrian
hamsters
To examine the pathogenicity of Group 1 and 2 isolates,
hamsters were inoculated intraperitoneally with strains
FR12K or FR23K-L. Fifty and 75% of hamsters infected
with 1 101 of FR12K or FR23K-L, respectively, became
moribund within 15 days after infection (Fig. 3). The
moribund hamsters had jaundice, pulmonary and renal
hemorrhage, abnormal urine and neurological disorders
(Table 3, Figs. S1,S2) and those infected with strain
FR12K had more severe bleeding and hemorrhage in the
intestinal wall.
Leptospires were recovered from most of the organs
(liver, kidney, spleen and lung), blood and urine of the
moribund hamsters. In contrast, hamsters that survived
infection showed no symptoms and leptospires were not
recovered from any organ or specimen.
DISCUSSION
The present study revealed a high Leptospira carriage
rate in wild rats living in an urban area of Fukuoka,
Japan. A total of 20 isolates were classiﬁed into two
groups based on DNA gyrase B sequence analysis.
Representative strains of each group (i.e., strains FR12K
and FR23K-L) were highly pathogenic to hamsters. Both
strains resulted in development of systemic infection
characterized by jaundice, pulmonary and renal hemor-
rhage, abnormal urine and central nervous system
disorders in hamsters. The isolates in this study have the
potential to cause severe leptospirosis in humans.
In Japan, serovars Icterohaemorrhagiae, Copenhageni,
Autumnalis, Hebdomadis and Australis have been recog-
nized as the major pathogens of human leptospirosis (11).
Serovars Canicola and Hardjo have also been isolated (11).
In the Okinawa islands, serovars Grippotyphosa, Javanica,
Castellonis and Rachmati have been isolated from humans
and domestic and wild animals (11). In this study, two
representative strains, FR12K and FR23K-L, reacted most
strongly with anti-Pomona and anti-Icterohemorrhagica
sera, respectively. According to gyrB sequence analysis,
FR23K-L was identical to serogroup Icterohemorrhagica
strains. Hence, FR23K-L probably belongs to serogroup
Icterohaemorrhagiae, which is common in Japan. On the
other hand, according to gyrB sequence analysis, strain
FR12K was not identical to serovar Pomona strain
Pomona. It is possible that strain FR12K belongs to a
serovar other than Pomona but within serogroup Pomona.
An identical strain of FR12Kwas isolated in another urban
area in Japan 12 years ago. Although this strain, belonging
to serogroup Pomona, was not recognized as a native
strain, it may be widely distributed in urban rats all over
Japan. The following are possible explanations for strains
belonging to serogroup Pomona being found in rats, but
not in humans:
1. In Japan, only around 20 cases of leptospirosis are
currently reported every year. Because antibiotics are
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often administered without laboratory diagnoses,
some leptospirosis patients are likely misdiagnosed as
being infected with other bacteria.
2. As explained in this paper, isolation of these strains
from leptospirosis patients is difﬁcult.
3. We found that this strain causes a severe form of
infection in hamsters; however, the disease it causes in
humans may be less severe. We currently lack data on
infection caused by this serogroup in humans. In the
future, infection surveillance must be performed
more carefully.
In our ﬁrst survey, we noted the discovered
serogroup Pomona-like strain (FR9K) barely grew in
liquid Korthof’s medium, but was able to grow in
lumps of agar in semi-solid Korthof’s medium. In the
second survey, in which we used a semi-solid medium,
the rate of isolation of leptospires from rat kidneys
increased to 72.2%. In recent studies, the reported rate
of leptospiral culture among wild rats has ranged from
2.5% to 43% (13–15, 24–26). Our results indicate that
the use of semi-solid Korthof’s medium for culturing
the kidneys of wild rats would improve the isolation
rate of leptospires. In this study, three of seven ﬂaB-
PCR-positive urine samples were culture-negative.
Isolation of leptospires from urine seems to be more
difﬁcult than from the kidney, likely because the
excretion of leptospires in urine is probably discontin-
uous. Our ﬁndings suggest that kidney culture is better
than urine culture for surveillance of leptospires in
reservoir rats.
In conclusion, wild rats living in urban areas in
Japan remain reservoirs of highly virulent leptospires.
Our ﬁndings should serve as a warning that it is still
possible for humans in inner cities of developed
countries to acquire leptospiral infection by contact
with wild rats.
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SUPPORTING INFORMATION
Additional supporting information may be found in the
online version of this article at the publisher’s web-site.
Fig. S1. Serum total bilirubin concentrations of
uninfected (n¼ 6) and moribund hamsters infected
with FR12K (n¼ 8) or FR23K-L (n¼ 14). Horizontal
bars and error bars indicate the mean and SD,
respectively.
Fig. S2. Gross examinations of the organs of hamsters
infected with Leptospira isolates. (a) Pulmonary hemor-
rhage and (b) hemorrhage of the intestinal wall were
observed in hamsters infected with FR12K. (c) Pulmo-
nary hemorrhage and (d) renal hemorrhage were
observed in hamsters infected with FR23K-L.
330 © 2015 The Societies and Wiley Publishing Asia Pty Ltd
M. Saito et al.
